ABSTRACT. We present multicolor transformations and photometric parallaxes for a sample of 40 low-mass dwarfs selected from the Sloan Digital Sky Survey (SDSS) and the General Catalogue of Trigonometric Stellar Parallaxes. Our sample was reobserved at the Manastash Ridge Observatory (MRO) using both Sloan and JohnsonCousin filters, and color transformations between the two photometric systems were derived. A subset of the sample had previously measured Johnson-Cousins photometry and parallaxes as well as 2MASS photometry. We observed these stars at MRO using Sloan filters and used these data to derive photometric parallax relations as well as SDSS/Johnson-Cousins/2MASS color transformations. We present the data and derived transformations for use in future low-mass-star studies.
INTRODUCTION
The most numerous stars in the Galaxy are low-mass dwarfs, and yet it is only in the past couple of decades that large enough samples have existed to statistically study their properties. The Palomar/Michigan State University (PMSU) survey of lowmass stars (Reid et al. 1995 Hawley et al. 1996; Gizis et al. 2002) examined the photometric, spectroscopic and dynamical properties of low-mass dwarfs with unprecedented statistical accuracy. Recently, Bochanski et al. (2005) presented another statistical study of the spectroscopic/kinematic properties of nearby low-mass dwarfs within 100 pc of the Sun. The advent of large surveys such as the Sloan Digital Sky Survey (SDSS; Gunn et al. 1998 Gunn et al. , 2006 Fukugita et al. 1996; Lupton et al. 1999; York et al. 2000; Hogg et al. 2001; Ivezić et al. 2004; Pier et al. 2003; Smith et al. 2002; Stoughton et al. 2002) has increased the sample size and statistical robustness of low-mass star studies West et al. 2004 West et al. , 2006 Silvestri et al. 2006; Bochanski et al. 2006 ; S. L. Hawley et al. 2006, in preparation) .
One of the challenges with the SDSS samples has been the ability to accurately compare the Sloan photometry to the Johnson-Cousins standards for low-mass stars that are used in other studies. Smith et al. (2002) previously investigated the stellar SDSS/Johnson-Cousins color transformation using the 158 SDSS standard stars. However, the SDSS standard stars only extend to an (spectral type ∼M4). Recently, Jordi r Ϫ i ! 1.5 et al. (2006) and Rodgers et al. (2006) examined a total of several hundred stars and derived new SDSS/Johnson-Cousins transformations. Unfortunately, neither of these new sets of relations extend far beyond and therefore are not r Ϫ i ∼ 1.5 useful for cool-star studies.
In another study, Walkowicz et al. (2004) projected Sloan filter curves onto spectra of stars with measured Johnson-Cousins photometry in order to derive color transformations between the two systems. Although the Walkowicz et al. method has its utility and has been used by several subsequent studies Silvestri et al. 2006) , it is not the ideal method for deriving color transformations. Walkowicz et al. (2004) also derived a relation between Sloan colors and absolute magnitude for stars with measured parallaxes. However, this relation used the intermediate step of estimating the Sloan colors from either the spectral type of the star or the aforementioned transformations. No stars with known parallaxes were observed directly with both filter sets.
In this paper, we undertake the more ideal solution of observing a set of low-mass dwarfs with the same telescope in both Johnson-Cousins and Sloan filters and using these data to derive a new set of color transformations. A subset of our stars have measured parallaxes and 2MASS photometry, and we use these data to derive SDSS/Johnson-Cousins/2MASS color transformations as well as new photometric parallax relations for all three systems. In § 2, we describe our sample selection. We detail our observations in § 3 and present our results in § 4. We discuss these our results and possibilities for the future in § 5.
SAMPLE SELECTION

SDSS Selected Sample
The SDSS/Johnson-Cousins color transformation subsample was selected from the SDSS Data Release 4 (DR4; AdelmanMcCarthy et al. 2006) database. We required that stars have colors and based on the 0.25 ! r Ϫ i ! 3.5 0.75 ! g Ϫ r ! 2.0 colors for cool stars reported in West et al. (2004 West et al. ( , 2005 and K. R. Covey et al. (2006, in preparation) . In addition, we selected stars with , and to ensure a clean sample, made 15 ! r ! 18.5 sure that the SDSS flags SATURATED, EDGE, DEBLENDED_AS_MOVING, CHILD, INTERP_CENTER, PSF_FLUX_INTERP, and BLENDED were unset. We selected the five brightest, observable (based on R.A.) stars from every 0.1 bin in color (if five existed), resulting in a sample of r Ϫ i 23 stars. The sample was then divided into a "blue" sample ( ; 11 stars) and a "red" sample ( ; 12 stars).
Parallax Selected Sample
The parallax subsample is composed of 17 stars selected from the General Catalogue of Trigonometric Stellar Parallaxes (Van Altena et al. 1995) . We first queried the catalog for those stars with small parallax errors ( ) and late spectral j Շ 0Љ .01 types (K0 and later). The final subsample was selected to span as large a range of spectral types as possible, while maximizing observational efficiency (including both location on the sky and stellar magnitude).
We obtained 2MASS photometry from the 2MASS pointsource catalog (Skrutskie et al. 2006) , and the Johnson-Cousin colors were taken from the PMSU I (Reid et al. 1995) .
OBSERVATIONS
Observations were carried out during the summer of 2005 using the University of Washington 30 inch (77 cm) telescope at Manastash Ridge Observatory (MRO). We used the 2048 # 2048 CCD detector and the MRO suite of VRIriz filters. Standard stars were observed to derive extinction coefficients and photometric zero points. Every sample and standard star was observed long enough to obtain a minimum of 10,000 counts, and therefore a 1% photon noise uncertainty. The MRO photometric camera was shown to be linear over the entire magnitude range of our observations. The data were reduced using the standard IRAF packages. All Sloan bands were reduced to the SDSS 2.5 m system (unprimed). The uncertainty in the derived extinction coefficients dominates the reported photometric uncertainties.
For the SDSS selected sample, we observed each star using both the Johnson-Cousins RI filters and the Sloan ri filters. For the blue sample, we added a Johnson-Cousins V filter, and for the red sample the z filter was included. Because the stars in the SDSS selected sample already had SDSS photometry, the MRO riz data allow us ensure that our photometry is correctly on the proper SDSS system. We find that the colors have a mean r Ϫ i difference of 0.054 mag and an rms scatter of 0.165 mag, while the colors have a mean offset of Ϫ0.002 mag and an rms i Ϫ z scatter of 0.220 mag.
RESULTS
The resulting photometry can be found in Tables 1 and 2 . The observational uncertainties reported in Tables 1 and 2 reflect the propagated uncertainties from each stage of the photometric reductions. Using these new colors we derived new color-color transformations between the Sloan, Johnson-Cousins, and 2MASS photometric systems.
Color-Color Transformations
We performed polynomial fits for each color-color relation and derive the color transformation equations shown below. Each equation contains the uncertainty in the resulting transformed color. The equations and uncertainties derived in this section are only valid over the range in which we have data. These relations should not be extrapolated to redder or bluer colors.
The relations for and as a function of , R Ϫ I VϪ R r Ϫ i shown in Figures 1 and 2 , respectively, are given by
and
and are valid over the range . The vs. 0.33 ≤ r Ϫ i ≤ 2.85 R Ϫ I relations of Jordi et al. (2006) and Rodgers et al. (2006) r Ϫ i have been overplotted (dotted and dashed lines, respectively) on Figure 1 . The three relations agree within the uncertainties over the overlapping region.
The transformation between and is shown in R Ϫ I iϪ z 
and is valid over the range 0.17 1.59. ≤ i Ϫ z ≤ Although the uncertainties in J are large, for completeness we included a first-order fit to the vs. relation, as R Ϫ I iϪ J shown in Figure 4 and given by
This relation is valid over the range . 1.37 ≤ i Ϫ J ≤ 2.58
We derived the color-color transformations for vs. r Ϫ i to compare with the same relation derived by West et V Ϫ I al. (2005; hereafter W05 ). Although our sample does not go as red and is slightly bluer than the W05 sample, the overlap region allows for useful comparisons. 
Photometric Parallax
Using the stars with direct parallax measurements, we derive photometric parallax relations for the and colors. i Ϫ z iϪ J These relations are the same relations derived by W05. Although some of the uncertainties in the stellar photometry are large, these data serve as a direct confirmation of the W05 relations, without having to transform to a different photometric system.
The 
i and are valid over the ranges and 0.22 ≤ i Ϫ z ≤ 0.98 1.37 ≤ , respectively. The W05 photometric parallax rei Ϫ J ≤ 2.58 lations are shown as dashed lines. Both of the fits from this study are consistent with the W05 results and extend the relations to bluer colors. The relation of W05 can be exi Ϫ J tended to bluer colors and appears to follow the same relation to within the uncertainties. Although the piecewise nature of the W05 relation precludes an extrapolation to bluer coli Ϫ z ors, the relation from this paper provides a useful exteni Ϫ z sion for bluer stars.
DISCUSSION
We have derived SDSS-Johnson-2MASS color transformations based on direct measurements of cool stars. We present several relations not included in previous studies of low-mass stars. Our vs. relation agrees with the previous r Ϫ i VϪ I findings of W05. In addition, we extend many of the relations to bluer colors than those included in the W05 analysis and redder colors than in Smith et al. (2002) , Rodgers et al. (2006) , and Jordi et al. (2006) . Table 3 summarizes our derived color transformations and compares them with the relations given in W05, Rodgers et al. (2006) , and Jordi et al. (2006) . This table is currently the most complete compilation of low-mass-star color transformations.
We also utilized the stars in our sample that have direct parallax measurements to derive photometric parallax relations. Our results confirm the relations given by W05. Rodgers et al. (2006) c
